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C lavicular fractures are common traumatic injuries that are readily recognizable and easily accessible because of their superfi cial location. These fractures account for 2.6% to 4.0% of adult fractures, and represent 35% to 44% of injuries to the shoulder girdle. 1, 2 Biomechanical fi ndings confi rm that, due to the unique shape and confi guration of the clavicle, the central third is the weakest and accounts for 69.2% to 81.3% of fractures. [2] [3] [4] Although most clavicular fractures unite uneventfully with conservative treatment, many patients with these fractures experience residual deformity, function defi cits, and cosmetic problems. 3 Previously accepted universal healing rates for clavicular fracture are now thought to be overly optimistic. 5 Furthermore, nonunion rates for displaced midshaft clavicular fractures following conservative management are thought to be higher than previously believed. In a systemic review of 2144 displaced midshaft clavicular fractures, nonoperative treatment of 159 fractures was found to result in a nonunion rate of 15.1%. 6 In addition, a nonunion rate of 14.3% (7/49 of displaced midshaft clavicular fractures) was reported in a multicenter, randomized clinical trial by the Canadian Orthopaedic Trauma Society. 7 Risk factors predisposing to nonunion with compromised shoulder function following midshaft clavicular fracture include marked displacement of fracture fragments, 3, 5, 6, 8, 9 age, 5, 6, 8, 9 female sex, 4, 6, 9 comminuted fracture pattern, 6, 8, 9 shortening Ͼ20 mm, 5 ,10 severity of trauma, 3, 5 and refracture. 3, 5 Thus, several authorities have proposed that the indications for primary operative treatment of midshaft clavicular fracture should include open injury, shortening or displacement Ͼ20 mm, multiple trauma, fl oating shoulder, and cosmesis. 3, 5, 11 Various options exist for the surgical management of midshaft clavicular fractures, and all have unique advantages and disadvantages. 8, [12] [13] [14] Lee et al 13 reported that plating was associated with a significantly longer operating time, larger wound incision, and more pain, complications, and symptomatic hardware than Knowles pinning. However, no difference was observed in shoulder score, union rate, or healing time between the 2 techniques. Lee et al 15 found that Knowles pinning was associated with shorter operative time, smaller wound size, lower complication rate, and less symptomatic hardware than plating. Ferran et al 12 found that both locked intramedullary fi xation and plating produce similar rates of union and good functional results; however, the majority of their patients needed a second surgical procedure for implant removal.
Previous studies have used many types of plates and pins, and the surgeries were performed by multiple surgeons, [12] [13] [14] [15] [16] which might affect reproducibility and reliability. The purpose of the current study was to compare the clinical outcomes of displaced midshaft clavicular fractures repaired with only 1 type of plate (reconstruction plate) or intramedullary pin (Knowles pin); all surgeries were performed by the same surgeon (T.H.F.) with anatomical reduction as the objective.
MATERIALS AND METHODS
In this retrospective study, the records of 114 consecutive patients with displaced midshaft clavicular fractures treated operatively at our institution between October 1997 and August 2009 by a single surgeon (T.H.F.) were reviewed. The study was approved by the Institutional Review Board of the hospital, and because of the retrospective nature, the requirement of informed patient consent was waived.
Two operative methods were performed during this period: intramedullary Knowles pinning was performed for 59 patients, and reconstruction plating was performed for 55 patients. Before 2005, fi fty-three Knowles pinning surgeries were performed exclusively due to the preference of the surgeon. Between 2005 and 2008, fi fty reconstruction plating surgeries were performed. During this period, only the plate systems were available at our institution. Between January 2009 and August 2009, six Knowles pinning and 5 reconstruction plating surgeries were performed. Follow-up data were available for 103 patients; thus, 53 Knowles pinning and 50 reconstruction plating surgeries were evaluated both clinically and radiographically with a minimum follow-up of 12 months.
SURGICAL TECHNIQUE
The patient was placed in a beach-chair position, the affected shoulder was elevated with a towel, and the ipsilateral upper extremity was draped. An anterosuperior incision centered above the fracture and parallel to the long axis of the clavicle was made, a deep surgical dissection was performed subperiosteally, and the fracture fragments were approached with minimal stripping of soft tissues. The fracture fragments were reduced anatomically along the fracture edge to its main proximal or distal parts, followed by fi xation with 0.97-mm cerclage wires. The comminuted fracture was then reduced to a simpler 2-part pattern.
Knowles Pinning
The distal segment was predrilled antegrade, with sequential placement of Steinmann pins 2.0 to 3.2 mm in diameter. A bone hole and a small wound were created by drilling a hole in the posterolateral cortex and through the skin, which made a small stab incision. The length of the distal tunnel segment was measured and recorded (a1). The proximal area was predrilled retrograde to a diameter of 2.8 mm, and the length of this segment was measured and recorded (a2) if the anterior cortex had been penetrated by this 2.8-mm Steinmann pin. A 4.0-mm Knowles pin of the selected length (a1ϩa2) was introduced into the distal segment retrograde to the fracture edge by a smallcaliber suction tip. The distal and proximal segments were reduced anatomically, and the Knowles pin was screwed into the proximal segment with a modest degree of compressive force. Additional wires were applied over the fracture fragments to obtain adjuvant rigid fi xation.
Reconstruction Plating
The 2 main fracture parts were further reduced to 1 piece, and additional wires were applied to realign the fracture fragments as a whole. A curved 3.5-mm reconstruction plate with an adequately long was contoured to an S shape and applied over the realigned fracture. The length of the plate was determined by the degree of fracture comminution, and the aim was to achieve stabilization with at least 3 holes on each side of the fracture (a plate with 8 holes was usually selected). For better purchase, cancellous screws were chosen for the distal 2 (or 3) holes. The screws were then inserted, but the middle 2 holes overlying the comminuted fragments were left empty to prevent further destruction by drill bits. Two extraplate 1.22-mm wires were used for adjuvant rigid fi xation. The fi rst wire was placed between the proximal fi rst and second holes, and the second wire, located proximally to the coracoclavicular ligament insertion, was ordinarily anchored between the distal second and third holes of the concave aspect of the plate ( Figure  1 ). The periosteum and fascial layers were closed, followed by closure of the subcutaneous tissues and skin with absorbable sutures without suction drainage.
In all cases, patients were advised to wear an arm sling for 2 to 4 weeks postoperatively and were instructed to avoid repetitive stressful activities, motorcycling, and weight lifting for at least 3 months. Patients were followed up every 6 weeks until bone healing was observed. Fracture healing was evaluated both clinically and radiographically at a minimum of 12 months postoperatively. Union was defi ned as perfect reduction with radiographic healing. Nonunion was defi ned as the lack of radiographic healing with tenderness on motion of the fracture site at 6 months. Malunion was defi ned as loss of anatomic contour even in the presence of exuberant callus formation.
Statistical Analysis
Normally distributed continuous variables were presented as mean and standard deviation for patients in the Knowles pinning and reconstruction plating groups and compared with an independent 2-sample t test. Categorical data were tabulated as numbers with percentage and analyzed with chi-square/Fisher's exact test. Duration of follow-up was examined using the MannWhitney U test and displayed as median and interquartile range. Statistical analyses were performed using SPSS 15.0 statistics software (SPSS Inc, Chicago, Illinois), and a P value of <.05 was considered statistically signifi cant.
RESULTS
Patient data, including demographic characteristics, fracture patterns, and main indications for surgery of the Knowles pinning and reconstruction plating groups, are presented in Table 1 . The Knowles pinning group comprised 38 men and 15 women with a mean age of 35.2Ϯ14.5 years (range, 17-67 years), and the reconstruction plating group comprised 33 men and 17 women with a mean age of 39.9Ϯ14.8 years (range, 18-71 years). Of the 103 fractures, injuries were attributable to 85 (82.5%) vehicular collisions, 7 (6.8%) falls, 1 (1.0%) bicycling accident, and 10 (9.7%) other causes.
Fractures were classifi ed according to the Robinson classifi cation system; 4 type 2B1 fractures were present in 32 (60.4%) patients in the Knowles pinning group and 30 (60%) patients in the reconstruction plating group, and type 2B2 fractures were present in 17 (32.1%) patients in the Knowles pinning group and 15 (30%) patients in the reconstruction plating group. The 3 most commonly selected Knowles pins were 3.75, 4, and 4.25 inches in length (range, 3.25-4.5 inches), and an average of 2.8 cerclage wires (range, 1-6) was set in 45 (84.9%) of the 53 pinning surgeries. For the plating group, 43 (86%) of the 50 fractures were treated with 8-hole reconstruction plates with variable screws: 8H8S for 13, 8H7S for 11, and 8H6S for 19 fractures. All 50 plates were installed with 2 extraplate wires for adjuvant rigid fi xation. No major complications associated with brachial plexus or vascular injuries occurred, and no bone grafting was needed during the primary surgery.
No signifi cant difference in the mean follow-up period was found between the Knowles pinning group (15 months; range, 12-153 months) and reconstruction plating group (14 months; range, 12-92 months). Table 2) . Four (7.5%) cases of symptomatic nonunion and 2 (3.8%) cases of malunion were observed in the Knowles pinning group, and 1 (2.0%)case of symptomatic nonunion and 2 (4.0%) cases of malunion were observed in the plating group (Table 3) .
One of the 4 patients with nonunion in the Knowles pinning group received repinning surgery; the patient sustained a temporary postoperative paresthesia affecting the ipsilateral 4th and 5th fi ngers. The remaining 3 patients with nonunion in the Knowles pinning group received revision surgery involving plating with autogenous bone grafting, and all achieved good union.
One patient in the plating group was a heavy smoker who developed a deep infection of delayed onset that was treated with debridement, implant removal, and replating surgery with subsequent good bone union. A 22-year old woman in the pinning group who experienced clavicular refrac- ■ Feature Article ture after plate removal was referred by her family physician; on receiving pinning surgery in our hospital, perfect union was achieved, and the Knowles pins were removed 1 year later without complication. In addition, 1 patient in the plating group sustained refracture after plate removal and received replating surgery, suggesting that the reset plate might not need to be removed.
No statistically signifi cant difference was found in the complication rate associated with surgery between the Knowles pinning group and the reconstruction plating group (13.2% vs 10.0%, respectively; Pϭ.761) ( Table 2 ). However, incision wound length was signifi cantly shorter in the Knowles pinning group than in the reconstruction plating group (5.3Ϯ0.9 vs 8.4Ϯ0.5 cm; PϽ.001). Implant-related complications were signifi cantly higher in the reconstruction plating than in the pinning group; complications included symptomatic hardware (PϽ.001), visible implant (PϽ.001), and palpable implant (Pϭ.015). Eleven (20.7%) Knowles pins were merged into the proximal fracture fragments without penetration of the anterior cortex and were nonpalpable. In the reconstruction plating group, 3 implant failures were observed; the fi rst involved a broken plate and was associated with nonunion, the second 
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involved plate bending and was associated with malunion, and the third involved a loosened screw and was associated with malunion. All Knowles pins were found to have maintained their shape whether the pins were observed by radiograph or on retrieval. Range of motion (ROM) of the affected shoulders was gradually regained regardless of the treatment method. Many patients returned to more aggressive, repetitive, and stressful occupational activities at earlier times than were recommended. Poor compliance regarding these inappropriately early activities was found to be associated with nonunion and malunion ( Table  3) . These compliance problems occurred to a greater extent in the Knowles pinning group (11.3%; 6/53) compared with the reconstruction plating group (6%; 3/50), although the difference was not statistically signifi cant.
DISCUSSION
Traditionally, the goal of treatment for the fractured clavicle has been to obtain fracture union regardless of reduction; however, even the uneventful union of nonreduced fracture fragments can lead to a bone lump or malunion. The position required to reduce a fracture and to maintain reduction is diffi cult to achieve through closed mean s. 3 Neither of the most widely used conservative treatment methods (ie, the simple arm sling and the fi gure-of-eight bandage) can reduce a displaced fracture. 17 These treatment methods also frequently cause patient discomfort and are occasionally associated with neurovascular compression of the axillary region.
3 Some studies have reported that most patients with a fractured clavicle underwent reduction during conservative treatment and that neither attempts at reduction nor the method of immobilization appears to have affected the outcome. 18, 19 Nordqvist et al 19 treated 129 adults with displaced midshaft fractures and reported that 48 (37%) of these cases resulted in malunion and 6 (0.05%) in nonunion at an average 17-year follow-up. Hill et al 18 treated 52 adults with completely displaced midshaft fractures and reported a nonunion rate of 15%, a brachial plexus irritation rate of 29%, and a cosmetic complaint rate of 54%.
The fractured clavicle can be reduced anatomically only by operative means. Prospective cohort studies, randomized prospective trials, and retrospective reviews have suggested that primary operative treatment is appropriate for patients with an increased risk of malunion or nonunion. [6] [7] [8] 18, 20 This approach permits strut and suspensory functions to be regained in addition to affording cosmesis and reestablishing shoulder girdle posture. 5 Because anatomical union is intended, operative procedures with anatomical reduction allow development of primary union and substantially decrease the orthopedic, neurologic, and cosmetic complications.
The optimal implant choice for the treatment of midshaft clavicular fractures remains undetermined. Good bone union has been reported with Knowles pin fi xation, 15, [21] [22] [23] although the quality of reduction was not evaluated in these studies. In the pinning group in our study, an average of 2.8 cerclage wires (range, 1-6) were applied for adjuvant rigid fi xation during and after anatomical reduction of the fracture, and 47 (89%) of the 53 fractures united within 6 months. The rotational instability of intramedullary fi xation has been a concern for Knowles pin fi xation, which may cause fracture motion. Furthermore, removal of a Knowles pin from its hub was not found to be as easy as has been previously reported, 3,13,21 and we found that tiny metal chips were dislodged from the hub during retrieval surgery ( Figure  3 ). However, in our cases, 42 (79%) of 53 Knowles pin tips were found to penetrate the anterior cortex and were palpable beneath the skin. Therefore, a 3-point fi xation pattern was developed along the S-shaped region of the clavicle, which resulted in fracture stabilization. For 11 (21%) pins, the threaded portions were found to be completely merged into the medullary canal and were nonpalpable; however, the internal splinting effect and fracture stabilization could be achieved due to use of pins of adequate length in those cases.
Two young patients in the pinning group had fracture gaps at 6 weeks postoperatively due to early occupation-related activities; fracture callus formed in 3 months coincident with the change in working condi- 
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tion, a bone lump was noted at 4.5 months with solid union, and the normal shape was fully regained at 1-year follow-up without observed change in the Knowles pin. However, 2 cases of malunion were observed in the pinning group. One gradually developed a bone lump with an undefi ned fracture fragment during open reduction, typical of hypertrophied malunion. The other returned for implant removal at 21 months postoperatively because her work required early relocation; the bone lump has persisted for 7 years according to most recent follow-up. Clavicles plated at the superior aspect have been found to exhibit signifi cantly greater biomechanical stability than those plated at the anterior aspect, 24, 25 and plate fi xation provides a stronger construct than intramedullary fi xation. 26 Kloen et al 27 performed anteroinferior reconstruction plating for midclavicular nonunion to decrease the risk of screw pullout from the lateral fragment and achieved a high rate of bone union. A longer screw can be used in the anteroinferior direction such that holding strength is increased in this setting. In the current study, plating surgery involved the use of reconstruction plates combined with extraplate wires, distal cancellous screws, and fewer middle cortical screws, and plating was applied anterosuperiorly (Figure 3 ). This approach affords several potential advantages. The reconstruction plate is easily contoured to an S shape, is less irritating to soft tissue, causes less shielding due to its malleable properties 9, 28 and speeds healing and bone remodeling at the fracture site. 29 The superiority of this design was reinforced, not only by the strengthening and holding power of distal cancellous screws, but also by the capacity of the extraplate wires to prevent proximal and distal screw pullout. Cancellous screws were used only in 2 to 3 holes at the lateral end of the plate. The rationale for using cancellous screws is that the thread of cancellous screws is relatively large, which provides better holding power. Although the site of midshaft clavicular fractures is diphyseal bone, the site where the cancellous screws are placed is at the distal end of the plate; therefore, the quality of the bone is adequate for applying cancellous screws.
Of the 3 implant failures observed, 2 were plate related. However, a high rate of plate bending and loosening has been associated with plate fi xation for midshaft clavicular fractures. [30] [31] [32] Rowe 33 reported that most clavicle fractures occur at the junction of the middle-third and outer-third regions of the clavicle. Furthermore, Poigenfürst et al 31 reported 4 cases of refracture associated with screw holes. Based on the fi ndings of the current study, it is proposed that strategies involving fewer interfragmentary screws are likely to be associated with lesser degrees of injury to a previously damaged junction; accordingly, only 1 case of refracture was recorded in this series.
Few studies have directly compared the results of intramedullary fi xation and plating for the treatment of midclavicular fractures or for nonunion following treatment of such fractures. [12] [13] [14] [15] [16] However, in the current study, only 1 type of plate (reconstruction plate) and intramedullary pin (Knowles pin) were used and compared, and all of the operations were performed by one surgeon. Results indicate that both procedures result in similar union rates and that pinning is associated with less symptomatic hardware, fi ndings consistent with prior reports. In addition, Knowles pinning, which involves smaller skin incisions and less soft tissue stripping, has the potential advantage of preserving more of the periosteal vasculature, which serves as the main blood supply of the middle third of the clavicle. 34 Recently, precontoured plates with locking screw options have become available, many of which are thinner than 3.5 reconstruction plates. Although biomechanical studies have shown that the locking compression plate is the one of the strongest methods of bone fi xation, 2 factors should be taken into consideration: stress shielding and stress sharing. With locking compression plates, there is a high risk of stress shielding, which might result in implant-induced osteopenia. In our study, the reconstruction plate was easily contoured to an S shape, causing less shielding due to its malleable properties, 9, 28 and speeding healing and bone remodeling at the fracture site. 29 However, precontoured locking compression plates are more contoured to the clavicle and thus less irritating to soft tissue.
In the current study, an early return to previous strenuous work-related activities and motorcycling were identifi ed as factors predisposing to nonunion or malunion. An association between early pain relief and less implant irritation with inappropriately early return to normal activities was suspected for patients in the pinning group. It should also be noted that few patients in either group in this series required rescue or salvage surgeries following a failed primary surgery or refracture (Table 3) . When rescue or salvage was required, pinning and plating surgeries as described were found to serve as adequate substitutes for each other.
Considering a patient-based viewpoint, it appears reasonable for a single surgeon to offer both approaches and to counsel patients regarding their individual risk factors and alternatives. Plating surgery is somewhat more reliable than pinning surgery, but symptomatic hardware associated with plating surgery is troublesome, and the possibility of refracture after plate removal, although rare, is unavoidable. More visible implants and palpable implant occurred in the plating group than in the pinning group. Thus, for patients concerned with cosmesis who eschew the secondary operation for implant removal, Knowles pinning is a good alternative.
The major limitation of the current study is that no biomechanical studies were performed to verify the stability of plating surgery or to compare this design with simple plating in terms of outcomes and complications, although no harm to patients was associated with this strategical design, either theoretically or clinically. In addition, this study is limited by its retrospective nature and by the fact that all procedures were performed by a single surgeon.
CONCLUSION
In the treatment of displaced midshaft clavicular fractures, both Knowles pinning with cerclage wires and reconstruction plating with extraplate wires provide rigid fi xation and are associated with a high union rate and low complication rate. Cerclage wires and extraplate wires act as powerful adjuvant fi xation materials for pinning and plating, respectively, and are easily applied without sacrifi cing operation time.
